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This invention relates generally to a hydraulically , actuat- 
ed motor wheel and control system for a ground engaging wheel 
of a vehicle. More specifically, this invention relates to 
a hydraulically actuated motor wheel having a planetary gear 
set and control system therefore and wherein selectively act- 
uatable hydraulically operated clutches are provided to lock 
the carrier of the planetary gear set to either a stationary 
housing or a rotatable casing to provide a plurality of speed 
ratios in a motor wheel of the type to which this invention 
relates . 

Hydraulically driven motor wheels are known in the art. 
More specifically, hydraulically driven motor wheels having a 
planetary gear set and a single hydraulically actuated clutch 
are also known in the art* One disadvantage of this type of 
system was that the motor wheel was only capable of providing 
either free wheeling or one set drive ratio. Thus, prior art 
motor wheels of the type to which this invention relates could 
not provide a sufficient range of both mechanical advantages 
in the form of output torque and high rotational speeds to 
cover a wide range of operating conditions. The most pertinent 
example of this type of prior art known to the applicant is 
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U.S. Patent 3,458,005 issued July 29, 1969 to D.I. Malm et al. 

Further, hydraulically actuated motor wheels having change 
speed gearing and variable ratio hydraulic motors are also 
known in the art. Examples of these devices are shown in U.S. 
Patents 3,270,826 issued September 6, 1966 to Middlesworth et 
al, 3,469,646 issued September 30, 1969 to O'Connor and 3,391,753 
issued July 9, 1968 to Anderson. 

However, to date no one has provided a hydraulically actuated 
motor wheel having planetary gearing and including a plurality 
of hydraulically actuated clutches and wherein a normal unactuated 
position the carrier of the planetary gear set is freely rotatable 
to provide a free wheeling feature to the wheel motor and wherein 
the carrier of the planetary gear set is axially slidable into 
clutching engagement with either a stationary or rotating portion 
of the motor wheel to provide a plurality of speed ratios therein. 
SUMMARY OF THE INVENTION 

According to the present invention there is provided a 
hydraulic motorized wheel for use as a drive wheel of a vehicle, 
said motorized wheel comprising 

a housing adapted to be mounted on a vehicle, 

a casing rotatably mounted relative to said housing, 

a hydraulically operated motor mounted on said housing having 
a rotatable drive shaft extending into said casing, 

a planetary gear set in said casing, the sun gear of said 
planetary gear set being driven by said drive shaft, said planetary 
gear set further including a planetary gear disposed in driving 
engagement with said sun gear, a planetary gear carrier mounted in 
said casing for normally free rotation relative to both said 
casing and said housing, and a ring gear mounted in said casing 
in driving engagement with said planetary gear, 
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Because grounding of the carrier to the housing as 
opposed to grounding it to the casing would result in revers- 
ing the direction of rotation of the drive wheel, valve means 
and hydraulic system are/provided to automatically and simult- 
aneously reverse the direction of fluid flow through the motor 
depending on which clutch actuating piston is being pressurized. 

One feature of this arrangement is that it provides an 
extremely compact motor wheel which may be used in vehicle 
wheels of any type arid wherein the motor wheel is operable to 
provide a plurality of output gear ratios while maintaining 
the compact design. 

Another object of this invention is to provide a hydraulic- 
ally actuated motor wheel wherein a planetary carrier of a 
planetary gear set is axially slidable under the influence of 
hydraulic pressure to provide a plurality of output speed 
ratios . 

BRIEF DESCRIPTION OF THE DRAWING 

Figure 1 shows the motor wheel and control system of the 
present application disposed in a vehicle. 

Figure 2 is a cross sectional view taken axially along 
the center line of the motor wheel of the present invention 
showing the internal construction thereof. 

Figure 3 is a sectional view taken along the line 3-3 of 
Figure 2 showing further details of the motor wheel of the 
present invention. 

Figure 4 is a cross sectional view taken along the line 

4- 4 of Figure 2 showing further details of the internal con- 
struction of the motor wheel of the present invention. 

Figure 5 is a cross sectional view taken along the line 

5- 5 of Figure 2 showing further details of the internal con- 
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struction of the motor wheel. 

Figure 6 is an end view of the motor shown in Fig. 2. 
KigU re 7 is an enlarged view of one type of control valve 
arrangement which may be used in conjunction with the motor 
wheel of the instant application. 
nRSCRIPTION OP THE PREFER EMBODIMENT 

Kith reference to Figure 1 there is shown a vehicle 10 
having a motor wheel 12 disposed within the hub of a ground 
engaging drive wheel of the vehicle 10. 

With reference to Fig. 2, the motor wheel 12 includes a 
housing 14 adapted to be mounted on the vehicle 10 and a cas- 
ing 16 adapted to be mounted as the hub of a ground engagxng 
vehicle drive wheel 13. The casing 16 is rotatably mounted 
relative to the housing 14 by means of a pair of large tapered 
roller bearings 18 and 20 disposed therebetween. The housing 
14 is adapted to be connected to a variable displacement 
hydraulic pump (not shown, disposed on the vehicle by means of 
an inlet port 22 and an outlet port 24. The inlet port 22 and 
outlet port 24 may be reversed in function depending upon the 
desired direction of rotation of the motor wheel 12. The 
housing 14 is further provided with a one oil passage 26 and 
another separate oil passage 28. The oil passages 26, and 28 
may be selectively pressurized by means of a two way open 
oenter hydraulic valve 29 disposed on the vehicle which is 
connected to a hydraulic pump (not shown,. Another open center 
two way hydraulic valve 29a is provided to reverse direction 
of flow to por'ts 22 and 24. Link pin 29b connects the valve 
control handles for simultaneous operation. The purpose of 
the selectively pressurizable passages 26 and 28 and valves 29 
and 29a will become more apparent from the description which 

ft 465.20 



53.49 7 ^ 

follows hereinafter. For ease of manufacture, the housing 14 
is comprised of a plurality of bolted together sections 14a f 
14b arid 14c. The casing 16 is likewise comprised of a plural- 
ity of bolted together sections 16a, 16b and 16c. 
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As shown in Fig, 2, a plurality of "0" ring or quad ring 
type seals one of which is generally designated 15 are incorp- 
orated to prevent leakage between various surfaces within the 
motor wheel 12 as will be evident to those skilled in the art. 

Disposed within the housing 14 is a geroter type hydraulic 
motor 30. The geroter type motor is particularly advantageous 
for this application since this type of motor is substantially 
instantaneously reversible. The hydraulic motor 30 includes 
an internally toothed ring member 32 and an externally toothed 
star member 34 eccentrically disposed for rotational and orbital 
movement relative to the ring member. The teeth of these members 
intermesh to provide expanding and contracting fluid chambers 
upon relative orbital and rotational movement therebetween. A 
valve member 36 is provided in the housing and is connected to 
be driven in synchronism with either rotational movement of 
the externally toothed member by valve drive means 38. The 
valve member 36, thus is effective to sequentially connect the 
expanding and contracting chambers to the inlet port 22 and 
outlet port 24 thereby controlling fluid flow through the ex- 
panding and contracting chambers in synchronism with the move- 
ment of the externally toothed member ♦ 

A hydraulic motor of similar design and suitable for per- 
forming the function previously set forth is more fully dis- 
closed and described in U.S. Patent 3,572,983 issued to 
McDermott and assigned to the assignee of the present invention. 
The specification of that application is hereby incorporated 
by reference into this application. 

A free floating drive shaft or dog-bone shaped member 40 
is provided to transmit the driving orbital and rotary movement 
of externally toothed member 34 into useful output rotary 
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torque for the wheel motor 12. The drive shaft 40 is configured 
with arcuately shaped spline 42 and arcuately hobbed gear teeth 
44 respectively on the ends thereof. A thrust block 46 is pro- 
vided to. prevent axial movement of the drive shaft member 40. 
The arcuate splines or gear teeth on either end of the drive 
shaft 40 are necessary in order to transmit the rotary-orbital 
type motion of the externally toothed member 34 into the pure 
rotative torque effort necessary for operation of the wheel 
motor. It should be emphasized that the use of a free floating 
drive shaft member 40 in a device of this type is particularly 
advantageous because of the extremely high torque loads which 
must be transmitted. Since the shaft 40 is free floating, it 
may be permitted to seek its own center and thus more effectively 
transmit the torque load. 

The wheel motor 12 is provided with a planetary gear set 
50 wherein the arcuately toothed end 44 of shaft 40 may be con- 
sidered a sun gear. The planetary gear set further includes a 
plurality of planet gears 54 rotatably disposed on planet gear 
shafts 56 which are in turn mounted in a planet carrier 58. The 
planet gears 54 are effective to transmit driving rotation bet- 
ween the sun gear or splined end 44 of shaft 40 and a ring gear 
60 formed about the interior peripheral surface of section 16b 
of casing 16. The planet gear carrier 58 and associated 
planet gears 54 are slidably mounted for axial movement relative 
to the sun gear 44 and ring gear 60. The carrier 58 is further 
provided with a one clutch surface 62 and another clutch sur- 
face 64 disposed thereon. The clutch surface 62 is confronted 
by a corresponding clutch surface 66 on the housing and norm- 
ally axially spaced therefrom. The clutch surface 64 of the 
carrier 58 is likewise confronted with a corresponding clutch 
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ing surface 64 of the carrier 58 may be brought into driving 
engagement with clutching surface 68 of the casing 16 to 
thereby prevent relative rotary movement between the casing 
and the carrier. Pressure balancing grooves 84a and supply 
passages 84b are likewise provided in shoe 84. Springs 86 
and stake pins 88 are likewise provided to prevent relative 
rotary motion between the housing 14 and annular shoe 84. 
The springs 76 and 86 are likewise effective to maintain the 
carrier in a normally centered or neutral position to thereby 
enable free wheeling of the wheel motor 12 when neither of 
the passages 26 or 28 of the housing are pressurized by move- 
ment of the hydraulic valve 29 on the vehicle 10. 

Additionally, flange 90 of casing 14 having a plurality of 
mounting holes 14d therein is advantageously provided for 
mounting of a disc type brake mechanism (not shown) to retard 
motion of the vehicle upon application thereof. 

Additionally or alternatively, additional clutch means 
could be provided to lock other portions of the planetary 
gear set relative to either the casing or the housing to pro- 
vide additional or alternative driving ratios. 
DESCRIPTION OF OPERATION 

When the operator of a vehicle desires to drive the vehicle, 
he must decide whether a very high starting torque is required 
as in starting on an uphill grade or with a very heavy load. 
If this is the case he would operate control valve 29 and 
simultaneously control valve 29a on the vehicle 10 to pressur- 
ize passages 24 and 26 thereby creating fluid pressure in 
passage 72 and behind clutch actuating shoe 74. This pressure 
behind clutch actuating shoe 74 would cause axial movement of 
the planetary carrier 58 to provide clutching engagement bet:- 
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ween surface 62 of the carrier and clutch surface 66 of the 
housing 14. Thus when passages 24 and 26 are pressurized, the 
mo tor Wheel would supply a low speed-high torque forward rot- 
ation output. The flow of the pressurized hydraulic fluid 
from valve 29a would enter the housing at port 24 and leave 
the housing through port 22. After entering the housing, the 
hydraulic pressurized fluid would pass through the valve 
rae ans 36 and into the expanding chambers between the internally 
toothed member 32 and the externally toothed member 34 there- 
by causing rotational ahd orbital motion of the externally 
toothed member. As the chamber contracts, hydraulic fluid 
will flow back out through the valve means to port 22, and re- 
turn to the pump. Rotational and orbital motion of the ex- 
ternally toothed member 34 would cause rotation of drive 
me mber 40. The rotation of drive member 40 Would be transmit- 
ted through the sun gear 44 at one end thereof to the planet- 
ary gears 54 which would in turn rotate about the planet gear 
shafts 56 thereby driving ring gear 60 and casing 16 at a 
predetermined ratio, for example 4ii. this is because the 
carrier 58 is locked to the housing 14 ahd thus the planet 
g ear shafts 56 are likewise stationary relative to the housing. 
Torque is transmitted fro* the sUn gear 44, to planetary gears 
58 then directly to tin* gear 60. In this position, the ring 
gear 60 rotate, in the opposite direction from the sUh gear 
44. 

When the Vehicle reaches sufficient speed, the operator 
mo ves the 06ht*>i handle attached to valves 29 and 29a .cross 
neutral to the opposite position thereby pressurizing ports 
22 and 28 and passage 82 associated with port 28 while simult- 
aneously relieving pressure from ports 24 and 26 and passage 
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72 associated with port 26. This reverses direction of rotat- 
ion of the hydraulic motor 30. Pressure behind shoe 84 moves 
carrier 58 to the left as shown in Fig, 2 to provide driving 
engagement between surface 64 of the carrier 58 and surface 
68 of the casing. In this position the carrier 58 is locked 
for rotation with the casing 16. Since the carrier 58 now 
rotates with the ring gear 60, a direct or 1:1 gear ratio is 
provided. In other words, relative rotation between the sun 
gear 44 and the ring gear 60 is prevented in this clutch pos- 
itiori* The casing 16 thus rotates directly with the sun gear 
44, the planet gears 54 act merely as fixed members to transmit 
the torque. The ring gear 60 rotates in the same direction 
as the sun gear 44. 

When it is desired to operate the motor wheel 12 to drive 
the vehicle in the reverse direction, the operator merely 
reverses the output flow from the variable displacement pump 
(not shown) on the vehicle as is well known in the art. Operat- 
ion of the high speed and low speed control valves 29 and 29a 
remains the same as previously described. Thus direction of 
vehicle movement is controlled in a standard manner well known 
in the art. 

If the operator desires to allow the vehicle to coast, he 
merely moves the handle attached to control valves 29 and 29a 
to the neutral position. When this happens, the springs 76 
and 86 will center the carrier and the motor wheel will be in 
a free wheeling position. This feature is particularly advant- 
ageous for towing large construction vehicles at highway speeds 
and eliminates the need for a special trailer for this type of 
vehicle. 
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The claims defining the invention are as follows:- 

1. A hydraulic motorized wheel for use as a drive wheel of 

a vehicle, said motorized wheel comprising 

a housing adapted to be mounted on a vehicle, 
a casing rotatably mounted relative to said housing, 
a hydraulically operated motor mounted on said housing having 
a rotatable drive shaft extending into said casing, 

a planetary gear set in said casing, the sun gear of said 
planetary gear set being driven by said drive shaft, said 
Planetary gear set further including a planetary gear disposed 
in driving engagement with said sun gear, a planetary gear 
carrier mounted in said casing for normally free rotation re- 
lative to both said casing and said housing, and a ring gear 
runted in said casing in driving engagement with said planet- 
ary gear, 

first clutch means in said motorized wheel operable upon 
actuation thereof to prevent relative rotation between said 
housing and said planetary carrier and to provide a first drive 
ratio, and 

second clutch means in said motorized wheel operable upon 
actuation thereof to prevent relative rotation between said 
casing and said planetary carrier to provide a second drive 
ratio. 

2. The invention of claim 1 wherein said first and second 
clutch means are selectively actuatable with hydraulic pressure 
and valve means in fluid communication with said hydraulic 
mo tor,said valve means being operable to reverse the direction 
of operating fluid flow to said hydraulic motor to thereby 
reverse rotation of said output shaft simultaneously with actuat- 
ion of said second clutch means. 
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3. The invention of claim 1 wherein said hydraulic motor in- 
cludes an externally toothed member, an internally toothed 
member , and motor valve means, said* externally toothed member 
being operably associated with said drive shaft and eccent- 
rically disposed relative to said internally toothed member 

for rotational and orbital movement relative to an axis thereof, 
the teeth of said members intermeshing to define expanding and 
contracting fluid chambers upon relative rotational and orbital 
movement therebetween, said motor valve means being connected, 
to admit and exhaust fluid from said chambers in synchronism 
withf^o no of the movements of said externally toothed member. 

4. The invention of claim 3 wherein the drive shaft of said 
hydraulic motor includes splined portions thereon, and said 
externally toothed member has a splined bore therein, one of 
said splined portions of said drive shaft being drivingly re- 
ceived in the splined bore of said externally toothed member, 
another of said splined portions being the sun gear for said 
planetary gear set. 

5. The invention of claim 1 wherein said planetary gear 
carrier is axially slidable relative to said ring and sun gears 
in either direction from an initial neutral position where said 
planetary carrier is freely rotatable relative to both said 
casing and said housing, said first clutch means including pres- 
sure actuatable means for moving said carrier in one direction 
from said neutral position, said second clutch means including 
pressure actuatable means for moving said carrier in the other 
direction from said initial neutral position, and means normally 
biasing said carrier toward said initial neutral position. 

6. The invention of claim 5 wherein said first and second clutch 
means comprise first and second clutching surfaces on said 

15 465,202 



53,49 7 m 

carrier and corresponding adjacent clutching surfaces on said 
housing and said casing respectively. 

7. The invention of claim 6 wherein a first element of clutch 
fictional material is disposed between the first clutching 
surface on said carrier and the corresponding surface on 
said housing, and a second element of clutch frictional 
serial is disposed between the second clutching surface on 
said carrier and the corresponding surface on said casing. 
8. The invention of claim 7 wherein said first clutch means 
includes a first piston received in a recess in said casing, 
said first piston having a bearing surface disposed for abutt- 
ing engagement with a bearing surface of said carrier, said 
second clutch means including a second piston received in a 
recess in said housing, said second piston having a bearing sur- 
face disposed for abutting engagement with a bearing surface 
of said carrier, and wherein the biasing means for normally 
biasing said carrier toward said initial neutral position com- 
prise biasing means acting between said casing and said first 
piston and said housing and said second piston to constantly 
urge said surfaces toward abutting engagement and to thereby 
urge said carrier toward the initial neutral position. 

9. The invention of claim 5 wherein said first and second 
pressure actuatable means comprise annular pistons received 
in recesses in said casing and said housing respectively on 
opposite sides of said carrier and selectively pressurizable 
passage means in said casing and said housing communicating 
with said recesses, 

10. The invention of claim 9 wherein said means normally bias- 
ing said carrier toward said initial neutral position comprise 
springs acting between the casing and its associated piston 
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and the housing and its associated piston thereby biasing said 
pistons, into engagement with said carrier and thereby biasing 
said carrier toward said initial neutral position. 

11. A hydraulic motorized wheel for use in a vehicle, said 
motorized wheel comprising a housing adapted to be mounted on 
a vehicle, a casing mounted on said housing for rotation rel- 
ative thereto, a reversible rotary hydraulic motor disposed on 
said housing and having rotatable output shaft extending into 
said casing, a planetary gear set disposed in said casing, 
said planetary gear set including a sun gear, planetary gears, 
planetary gear carrier means and a ring gear, the sun gear of 
said planetary gear set being drivingly connected for rotation 
with the output shaft of said hydraulic motor, first clutch 
means operable upon actuation thereof to prevent rotation of 
said casing relative to said sun gear to thereby provide a 
first drive ratio between said output shaft and said casing, 
and second clutch means operable upon actuation thereof to 
prevent rotation of another portion of said planetary gear 
set relative to said housing to thereby provide a second driv- 
ing ratio between said output shaft and said casing, 

12. The invention of claim 11 including a first valve in fluid 
communication with said motorized wheel, said first valve 
being operable to selectively actuate said first and second 
clutch means, and a second valve in fluid communication with 
said motorized wheel, said second valve being operable to 
control the direction of operating fluid flow to said hydraulic 
motor thereby controlling the direction of rotation of said 
output shaft, said first and second valve means being intercon- 
nected for simultaneous operation whereby said output shaft 
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•U be caused to rotate in one direction upon actuation of 
W1 U be cause direC tion upon 

said first clutch means and in the o PP 
actuation of said second clutch means. 

DATED this 15th day of February. 1973 

EATON CORPOR& TI0N 

CQVilt. THS». & CARTER. 

PATENT ATTORNEYS 
343 LITTLE COLLINS STREET* 
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